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[57] ABSTRACT 

An automatic frequency control apparatus includes a local 
oscillator, a quadrature detector, a frequency offset value 
estimation circuit, a demodulation circuit, a synchronization 
detennination circuit, a memory, and an AFC circuit. The 
synchronization determination circuit determines reception 
synchronization on the basis of demodulated signals from 
the demodulation circuit to output a synchronization deter- 
mination signal to the AFC circuit when reception synchro- 
nization is established and outputs the value to the AFC 
circuit. The apparatus also includes a power-on state detec- 
tion circuit for outputting a detection signal to the AFC 
circuit. The AFC circuit determines the oscillation frequency 
of the local oscillator on the basis of the outputs from the 
above components. An automatic frequency control method 
is also disclosed. 
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AUTOMATIC FREQUENCY CONTROL 
APPARATUS AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to an automatic frequency 
control apparatus and a method therefor which are used in a 
microwave band satellite communication system or the like 
and always establish reception synchronization at a high 
speed even when a power supply is frequently turned on/off. iq 

FIG. 3 shows the arrangement of a conventional auto- 
matic frequency control apparatus. Referring to FIG. 3, this 
automatic frequency control apparatus has mixers 1 and 2 
for respectively outputting an I (In Phase) signal and a Q 
(Quadrant Phase) signal serving as pseudo synchronization 15 
detection signals of a baseband from a received input signal 
Sa of an IF or RF frequency band, a local oscillator 3 for 
controlling an oscillation frequency on the basis of the value 
of an AFC (Automatic Frequency Control) voltage Sv to 
output a local oscillation signal So to the mixer 1, and a 90° 20 
phase shifter 4 for phase-shifting the local oscillation signal 
So by 90° (7t/2) to supply the phase-shifted signal to the 
mixer 2. 

In addition, this automatic frequency control apparatus 
has a demodulation circuit 5 for performing demodulation 25 
on the basis of the I and Q signals from the mixers 1 and 2, 
a frequency offset value estimation circuit 7 for estimating 
the frequency offset Yalue of the I and Q signals serving as 
the pseudo synchronization detection signals when no recep- 
tion synchronization is established, and an AFC circuit 8 for 30 
outputting the AFC voltage Sv to the local oscillator 3 on the 
basis of the output from the frequency offset value estima- 
tion circuit 7. 

An operation of the arrangement of this prior art will be 
described below. 

After a power supply is turned on, the frequency offset 
value of received signals is estimated by the frequency offset 
value estimation circuit 7. The AFC circuit 8 outputs the 
AFC voltage Sv on the basis of the frequency offset value to 4Q 
shift the local oscillation signal So output from the local 
oscillator 3. This shifted local oscillation signal So is sup- 
plied to the mixer 1 and phase-shifted by 90° {it/2) using the 
90° phase shifter 4, and the phase-shifted signal is supplied 
to the mixer 2. In this case, a frequency offset occurring 45 
when the power supply is turned on is removed, the I and Q 
signals serving as the pseudo synchronization detection 
signals of the baseband are obtained from the received input 
signal Sa in the mixers 1 and 2, respectively. 

In the automatic frequency control apparatus operated as 50 
described above, estimation of a frequency offset value and 
control of a local oscillation frequency must be performed 
each time the power supply of the apparatus is turned on. A 
long time, e.g., 1 second, is required for this control. For this 
reason, as in a case wherein power is supplied from, e.g., the 55 
battery of an automobile, when a power supply voltage 
becomes unstable or immediately interrupted by turning 
on/off a load, estimation of a frequency offset value and 
control of a local oscillation frequency may not be correctly 
established. 60 

Assume that an intermittent reception mode for power 
saving is set. That is, a power supply is normally set in an 
OFF state (OFF) and periodically turned on (ON), and the 
power supply is turned off (OFF) again when no call is 
received while the power supply is set in an ON state, 65 
thereby performing intermittent reception. In this case, sev- 
eral seconds are required for establishing reception synchro- 
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nization obtained each time the power supply is turned on 
(ON), and the intermittent reception for power saving cannot 
be performed at a predetermined time interval. 

As countermeasures against the drawback of this type, an 
"office identification code detection scheme" disclosed in 
Japanese Patent Laid-Open No. 3-052423, a "frequency 
offset estimation scheme" disclosed in Japanese Patent Laid- 
Open No. 61-264930, and a "frequency offset estimation 
scheme** disclosed in Japanese Patent Laid-Open No. 
61-245642 are proposed! 

According to Japanese Patent Laid-Open No. 3-052423, a 
burst clock signal is supplied to an office identification code 
correlation detector and a clock signal multiplier to operate 
them in only a period in which a reception burst signal is 
present, and a burst clock signal is inhibited in a period in 
which no reception burst signal is present, thereby shorten- 
ing a time required for establishing reception synchroniza- 
tion. 

According to Japanese Patent Laid-Open No. 61-264930, 
a signal having a period length corresponding to one symbol 
is supplied in a plurality of periods, and the phases of two 
received signals which are shifted by at least one period are 
compared with each other. A frequency offset is estimated on 
the basis of the comparison result, thereby making accurate 
estimation of a frequency component possible. According to 
Japanese Patent Laid-Open No. 61-245642, a test signal 
having a period length corresponding to one symbol is 
received in a plurality of periods, the phases of two prede- 
termined signals are compared with each other, and the 
comparison result is divided by the number of symbols to be 
received between two sampling reception time, thereby 
easily estimating a frequency offset within a short time. 

In the prior arts described above, a time required for 
establishing reception synchronization can be shortened, a 
frequency component can be estimated at high accuracy, and 
a frequency offset can be easily estimated within a short 
time. However, when a power supply is frequently turned 
on/off, reception synchronization cannot be established at a 
high speed. In addition, since the phases of two received 
signals are compared with each other to estimate a frequency 
offset, the frequency offset cannot be estimated by a single 
apparatus, and an apparatus arrangement is disadvanta- 
geous^ complicated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
automatic frequency control apparatus and a method there- 
for in which, even when a power supply is frequently turned 
on/off, reception synchronization can always be established 
at a high speed with a relatively simple structure. 

In order to achieve the above objects, according to the 
present invention, there is provided an automatic frequency 
control apparatus comprising local oscillation means for 
outputting a local oscillation signal having an oscillation 
frequency controlled by a frequency control voltage, quadra- 
ture detection means for quadrature-detecting a received 
signal using the local oscillation signal from the local 
oscillation means, frequency offset value estimation means 
for estimating a frequency offset value of the received signal 
on the basis of quadrature detection signals from the quadra- 
ture detection means, demodulation means for demodulating 
the quadrature detection signals from the quadrature detec- 
tion means, synchronization determination means for deter- 
mining reception synchronization on the basis of demodu- 
lated signals from the demodulation means to output a 
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synchronization determination signal when reception syn- 
chronization is established, storage means for storing a 
frequency control voltage value obtained when reception 
synchronization i9 established, and frequency control means 
for repeatedly changing a frequency control voltage to the 5 
local oscillation means on the basis of the frequency offset 
value from the frequency offset value determination means 
until reception synchronization is established when no syn- 
chronization signal is output from the synchronization deter- 
mination means and controlling the oscillation frequency of 10 
the local oscillation means by the frequency control voltage 
read out from the storage means when a power supply is 
turned on. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an embodiment of an 
automatic frequency control apparatus according to the 
present invention; 

FIG. 2 is a block diagram showing an example of a 
frequency offset value estimation circuit 17 in FIG. 1; and 

FIG. 3 is a block diagram showing the arrangement of a 
conventional automatic frequency control apparatus. 

25 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of an automatic frequency control appa- 
ratus according to the present invention will be described 30 
below with reference to the accompanying drawings. 

FIG. 1 shows the arrangement of the embodiment of the 
automatic frequency control apparatus according to the 
present invention. Referring to FIG. 1, this automatic fre- 
quency control apparatus has mixers 11 and 12 for respec- 
tively outputting I and Q signals serving as pseudo synchro- 
nization detection signals of a baseband from a received 
input signal Sa of an IF or RF frequency band. 

In addition, this automatic frequency control apparatus ^ 
controls an oscillation frequency on the basis of the value of 
an AFC voltage Sv, and has a local oscillator 13 for 
outputting a local oscillation signal So to the mixer 11 and 
a 90° phase shifter 14 for phase-shifting this local oscillation 
signal So by 90° (tc/2) to supply the phase-shifted signal to 45 
the mixer 12. 

Trie automatic frequency control apparatus has a demodu- 
lation circuit 15 for performing demodulation on the basis of 
the I and Q signals from the mixers 11 and 12 to output 
demodulated signals la and Qa and a reception synchroni- 50 
zation determination circuit 16 for determining reception 
synchronization on the basis of the signals la and Qa from 
the demodulation circuit 15 to output a synchronization 
determination signal St. 

In addition, the automatic frequency control apparatus has 55 
an AFC circuit 18 for outputting an AFC voltage Sv to the 
local oscillator 13 on the basis of an output from a frequency 
offset value determination circuit and the synchronization 
determination signal St from the reception synchronization 
determination circuit 16 f a frequency offset value estimation 60 
circuit 17 for estimating the frequency offset value of the I 
and Q signals serving as pseudo synchronization detection 
signals when no reception synchronization is established, a 
nonvolatile memory 19 for storing the value of the AFC 
voltage Sv obtained in a power-off (OFF) state, and a 65 
power-on state detection circuit 20 for detecting a power-on 
state to output a detection signal to the AFC circuit 18. 



An operation in the arrangement of this embodiment will 
be described below. 

The received input signal Sa is input to the mixers 11 and 
12. A local oscillation signal So from the local oscillator 13 
and a local oscillation signal So obtained by phase-shifting 
the local oscillation signal So from the local oscillator 13 
using the 90° phase shifter 14 are supplied to the mixers 11 
and 12, respectively. In the mixers 11 and 12, these signals 
are multiplied by the received input signal Sa and converted 
into the I and Q signals serving as pseudo synchronization 
detection signals of the baseband. 

These converted I and Q signals are input to the demodu- 
lation circuit 15 and demodulated. The demodulated signals 
la and Qa are input to the reception synchronization deter- 
mination circuit 16 to determine reception synchronization. 
The synchronization determination signal St obtained by 
determining the reception synchronization is output to the 
AFC circuit 18. 

The frequency offset value estimation circuit 17 estimates 
a frequency offset value Af of the I and Q signals serving as 
the pseudo synchronization detection signals when no recep- 
tion synchronization is established. FIG. 2 shows the fre- 
quency offset value estimation circuit 17. The I and Q 
signals to be input pass through a band-limiting low-pass 
filter 171, are frequency-multiplied by a frequency multi- 
plier 172 in accordance with a modulation scheme, and then 
are subjected to fast Fourier transform by an FFT (Fast 
Fourier Transform) circuit 173, thereby estimating fre- 
quency errors. A maximum value detector 174 detects the 
maximum value of the frequency errors estimated by the 
FFT circuit 173 to output the frequency offset value Af. The 
AFC circuit 18 changes the AFC voltage Sv by AV (= a 
change in voltage corresponding to aAf) on the basis of the 
frequency offset value Af from the frequency offset value 
estimation circuit 17 such that a frequency fO of the local 
oscillation signal So from the local oscillator 13 is set to be 
(fO-Af). 

When no reception synchronization is established by the 
change in the AFC voltage Sv, the above operation is 
repeated until reception synchronization is established 
When reception synchronization is established by the 
change in the AFC voltage Sv, the value of the AFC voltage 
Sv is written in the nonvolatile memory 19 whose stored 
contents are not erased even when the power supply is set in 
an OFF state. Thereafter, when the power supply (not 
shown) is turned on (ON) to output a detection signal from 
the power-on state detection circuit 20, and a reception 
operation is started, the AFC circuit 18 reads out the value 
of the AFC voltage Sv stored in the nonvolatile memory 19 
by sequence control and then inputs the read value to the 
local oscillator 13. The local oscillator 13 inputs a local 
oscillation signal So having a frequency based on the AFC 
voltage Sv stored in the nonvolatile memory 19 to the mixer 
11 and the 90° phase shifter 14 and starts a reception 
operation for the received input signal Sa. 

In the above embodiment, the AFC voltage Sv may be 
stored in a volatile memory which is bucked up even in a 
power-off state in place of the nonvolatile memory 19. In 
addition, the frequency offset value Af from the frequency 
offset value estimation circuit 17 may be stored in the 
nonvolatile memory 19, and the AFC voltage Sv may be 
controlled on the basis of the stored frequency offset value 
Af until reception synchronization is established. 

An intermittent receiver for performing an intermittent 
receiving operation can be arranged such that a power from 
a power supply, which is set in an ON state for, e.g., 0.3 sec. 
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and set in an OFF state for, e.g., 0.7 sec., is repeatedly 
supplied to the mixers 11 and 12, the local oscillator 13, the 
90° phase shifter 14, the demodulation circuit 15, the 
reception determination circuit 16, the frequency offset 
value estimation circuit 17, and the AFC circuit 18 in a 5 
one-second cycle. In this intermittent receiver, a power from 
the power supply is supplied to each of the above circuits 
each time the power supply is automatically turned on in a 
one-second cycle, and, at the same time, by receiving a 
detection signal from the power-on state detection circuit 20 JQ 
or internally detecting the start of supplying a power, the 
AFC circuit 18 reads out the value of an AFC voltage Sv 
stored in the nonvolatile memory 19 to input the readout 
value to the local oscillator 13. The local oscillator 13 inputs 
a local oscillation signal SO having a frequency based on the 
AFC voltage Sv read from the nonvolatile memory 19 to the 15 
mixer 11 and the 90° phase shifter 14 to intermittently 
perform a receiving operation of the received input signal Sa 
for every 0.3 sec. In this manner, the present invention can 
be applied even when the power supply for an intermittent 
receiving operation is turned on, and the intermittent receiv- 20 
ing operation for power saving can be performed in a short 
cycle. 

As has been described above, according to the present 
invention, in an automatic frequency control apparatus and 
a method therefor, a frequency control voltage value 25 
obtained when reception synchronization is established is 
stored, and a local oscillation frequency is determined on the 
basis of a frequency control voltage stored when a power 
supply is turned oa In addition, when no reception synchro- 
nization is established, the frequency control voltage value 30 
is changed on the basis of a frequency offset value to 
determine the local oscillation frequency. For this reason, 
even when the power supply is frequently turned on/off, an 
effect that reception synchronization can always be estab- 
lished at a high speed can be obtained. 33 

What is claimed is: 

1. An automatic frequency control apparatus comprising: 

local oscillation means for outputting a local oscillation 
signal having an oscillation frequency controlled by a 
frequency control voltage; 40 

quadrature detection means for quadrature-detecting a 
received signal using the local oscillation signal 
received from said local oscillation means; 

frequency offset value estimation means for estimating a 
frequency offset value of the received signal from 4,5 
quadrature detection signals received from said quadra- 
ture detection means; 

demodulation means for , demodulating the quadrature 
detection signals received from said quadrature detec- 
tion means and outputting demodulated signals; 

synchronization determination means, coupled to said 
demodulation means, for determining reception syn- 
chronization according to said demodulated signals 
received from said demodulation means to output a 55 
synchronization determination signal when reception 
synchronization with a single received frequency is 
established; 

frequency control means, coupled to said local oscillation 
means and to said synchronization determination g 0 
means, for generating said frequency control voltage 
and outputting said frequency control voltage to said 
local oscillation means; 

non-volatile memory means, coupled to said frequency 
control means, for storing a frequency control voltage 65 
received from said frequency control means obtained 
when said reception synchronization is established; and 



said frequency control means being also coupled to said 
frequency offset value estimation means, for repeatedly 
changing a frequency control voltage to said local 
oscillation means according to the frequency offset 
value received from said frequency offset value esti- 
mation means until reception synchronization is estab- 
lished when.no synchronization determination signal is 
output from said synchronization determination means, 
and controlling the oscillation frequency of said local 
oscillation means by the frequency control voltage read 
out from said non-volatile memory means when a 
power supply is turned on, said frequency control 
means effecting storing of the frequency control volt- 
age into said memory means when the synchronization 

. determination signal is output from said synchroniza- 
tion determination means to said frequency control 
means. 

2. An apparatus according to claim 1, wherein a power 
from a power supply which is set in an ON state for a 
predetermined period of time in a predetermined cycle is 
intermittently supplied to said local oscillation means, said 
quadrature detection means, said frequency offset value 
estimation means, said demodulation means, said synchro- 
nization determination means, and said frequency control 
means, and said frequency control means reads out a fre- 
quency control voltage from said memory means each time 
the power supply is intermittently supplied, thereby control- 
ling an oscillation frequency of said local oscillation means. 

3. An apparatus according to claim 1, further comprising 
power-on state detection means for detecting a power-on 
state to output a detection signal to said frequency control 
means, and wherein said frequency control means reads out 
the frequency control voltage from said memory means 
when the detection signal is output from said power-on state 
detection means. 

4. An automatic frequency control apparatus comprising: 
local oscillation means for outputting a local oscillation 

signal having an oscillation frequency controlled by a 
frequency control voltage; 

quadrature detection means for quadrature-detecting a 
received signal using the local oscillation signal from 
said local oscillation means; 

frequency offset value estimation means for estimating a 
frequency offset value from quadrature detection sig- 
nals received from said quadrature detection means; 

demodulation means for demodulating the quadrature 
detection signals from said quadrature detection means; 

synchronization determination means, coupled to said 
demodulation means, for determining reception syn- 
chronization according to demodulated signals 
received from said demodulation means to output a 
synchronization determination signal when reception 
synchronization with a single received frequency is 
established; 

frequency control means, coupled to said local oscillation 
means and said synchronization determination means, 
for generating said frequency control voltage and out- 
putting said frequency control voltage to said local 
oscillation means; 

non-volatile memory means, coupled to said frequency 
control means, for storing a frequency control voltage 
obtained from said frequency control means when said 
reception synchronization is established; and 

power-on state detection means for detecting a power-on 
state to output a detection signal; 

said frequency control means being further coupled to 
said frequency offset value estimating means and said 
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power-on state detection means, for repeatedly chang- 
ing a frequency control voltage to be outputted to said 
local oscillation means according to the frequency 
offset value received from said frequency offset value 
estimation means until reception synchronization is 5 
established when no synchronization determination 
signal is output from said synchronization determina- 
tion means, 

said memory means storing a frequency control voltage at 
which reception synchronization is established when 10 
the synchronization determination signal is output from 
said synchronization determination means to said fre- 
quency control means, and 

said frequency control means determining the oscillation 
frequency of said local oscillation means from a fre- 15 
quency control voltage read out from said memory 
means when the detection signal is output from said 
power-on state detection means. 

5. A method of automatically controlling a frequency, 
comprising steps of: 

quadrature-detecting a received signal using a local oscil- 
lation signal from local oscillation means having an 
oscillation frequency controlled by a frequency control 
signal; 25 

estimating a frequency offset value of quadrature detec- 
tion signals; 

demodulating the quadrature detection signals and obtain- 
ing demodulated signals; 



8 

determining reception synchronization according to said 

demodulated signals; 
generating said frequency control signal in a frequency 
control means and outputting said frequency control 
signal to said local oscillation means; 
when no reception synchronization is established, repeat- 
edly changing a frequency control voltage according to 
an estimated frequency offset value until reception 
synchronization is established; 
when reception synchronization is established, storing a 
frequency control voltage obtained when the reception 
synchronization is established; and 
when a power supply is turned on, controlling the oscil- 
lation frequency of said local oscillation means by the 
stored frequency control voltage, wherein the fre- 
quency control voltage obtained when the reception 
synchronization is established is stored in non- volatile 
storage means. 
6. A method according to claim 5, further comprising the 
step of intermittently supplying a power from a power 
supply which is set in an ON state for a predetermined 
period of time in a predetermined cycle to a signal receiving 
system, and wherein the step of controlling the oscillation 
frequency comprises the step of controlling an oscillation 
frequency of said local oscillation means by the stored 
frequency control voltage each time the power supply is 
intermittently tuned on. 

***** 
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